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0^Xs1, O-sZ. The grating parameter of a tetragonal 
system the phase has expressions: a=10.54±0.2&angst;, 
and c=3.03±0.2&angst„ whereas the grating parameter 
of a monoclinic system phase has expressions: 
a=10.60±0.2&angst;, b=3.03±0.2&angst;, 
c=10.51±0.2&angst;, and P=90.22±2°. Lithium can be 
contained in a large channel of (2x2) type. If Fe is 
replaced by the metal of Ni, Co, Zn, B or the like, 
repeated reversibility is improved. For adjustment of 
this material, only water is used for the hydrolysis 
processing of a material whose base material is iron 
chloride or iron. 
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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR 
LITHIUM BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To attain a positive 
electrode active material with little toxicity and at a 
low cost by using iron oxide having a tunnel structure 
which is capable of taking either of a tetragonal system 
or a monoclinic system which involves specific grating 
parameter. 

SOLUTION: This compound has Fe, XMeXOOHCIZ 
provided with tunnel structure having (2x2) channel, 
where Me represents Ni, Co, Zn, Cu, Al, Mg, Ca, B...; 
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1- Title : 

"Positive active material for lithium batteries" 



2- CLAIMS: 

The following are claimed: 

1- A positive active material of formula pFej ^Me^OOHC^ (Me: Ni. 
Co, Zn, Cu, Al, Mg, Ca, B ....) and ( 0$x$ 1, z$ 0.2) having tunnel 
structure comprising large (2x2) channels 

2- A positive active material in accordance with claim 1 in which the 
structure could be either a tetragonal one or a monoclinic one. 



3 -A positive active material in accordance with claim 1 in which the 
unit cell parameters of the Tetragonal phase are a= 10.54lO.2A, 
c=3.03+0.2A 
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4- A positive active material in accordance with claim 1 in which the 
unit cell parameters of the monoclinic phase are a=10.<50+0.2A, 
b=3.a3t0.2A and c=10.51±0.2A and p=90.22°i2° 

5- An electrode comprises a materia! in accordance with claim 1 which 
could be used as a positive active material for secondary lithium 
batteries 

6- A cell comprising a positive active material in accordance with claim 
5, an electrolyte and an anode material which could be Li, Li-alloy, 
Li x Sn0 2 , all kind of carbon materials. 

3- Detailed Description of Invention 

3- 1 Description of previous work 

Various kind of transition metal oxides such as LiNi0 2 , LiCo0 2 

and LiMn 2 0 4 have been found to be electrochemicaUy active with large 
capacities, high voltage and high reversibility when extracting and 
intercalating lithium ions. Some of these materials have found 
applications in small scale batteries for electric appliances, computers 
and portable phones. However, for large scale batteries, the use of these 
materials are very limited due to their toxic behaviour and the big cost 
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involving the use of expensive cobalt and nickel. For this reason, iron 
compounds seems to be very attractive for the production of large scale 
batteries because of its large natural abundance and cheap cost when 
compared to Co and Ni. In addition, the battery based on the Lithium 
iron oxide will be less toxic and more safe. Therefore, extensive works 
have been carried out to find electrochernically active lithium iron oxide 
materials. So far, several crystalline modification of LiFe0 2 has been 
proposed [J. Solid State Chem. 57(2), 178 (1985)], high temperature 
cubic with a disordered structure of NaCl type, low temperature 
tetragonal (an ordered version of this structure), and the metastable 
monoclinic structure which is an intermediate product of the 
transformation of cubic into tetragonal. The rhombohedral layer 
structure was also prepared based on the molten ion exchange process 
with u-NaFe0 2 [Solid State Ionic 68 (1994) 279 J. Other iron oxides 
such as 0iFe 2 O 3 , Y F 2 0 3 a ^d Fe 3 0 4 , have also been study for their 
potential as insertion electrode [Mat Res. BulL, 16, 591 (1981); Mat. 
Res. Bull. 21, 583 (1986), Mat. Res. Bull. 17, 785 (1982)]. However, all 
these iron oxides based materials were found not be electrochernically 
active because of many reason such as the displacement of iron during 
the insertion of lithium since lithium ions and iron ions has similar 
sizes. Others reasons are that some iron based compound decompose 
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during both the insertion or deinsertion of lithium making it difficult to 
stabilise the fully oxidised form Fe0 2 . More recently, a new (a sB - 
FeOOH) compound was proposed as an electrochemically active 
material [J. Eiecto. Soc. 142, (1995) 360]. This material which has an 
amorphous structure could intercalate and extract lithium at 2.5 Volts. 

3-2 Summury of the invention 

The invention relates to material ^-Fe 1 ^Me^OOHC^ (Me: Mn, 
Ni, Zn, Co, Al, Ca, Mg, B. ...) (Ob$x$l, z^O.2) which could be used as 
positive active material for high voltage lithium ion batteries. 

According to the invention, 0-Fe, McOOHCI (Me: Mn, Ni, 
Zn,Co,Al Ca, Mg, B. ...) (O^x^l, z<0.2) material presents a tunnel 
structure with large (2x2) channels. In this case, no displacement of the 
lithium to the iron site, as it is the case of most LiFeCb, could occur 
since the material has large tunnel which can accommodate easily the 
lithium in a reversible manner. 

3-3 Description of the invention 

The invention will now be described, by way of non limiting 
illustrative examples, with reference to experiment which the applicant 
has conducted and with referenoe to the accompanying figures. 
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EXAMPLE- 1 

3-FeOOH in accordance of the present invention was prepared 
as follow: 

50g of FeCl 3 ,6H z O was first dissolved in 2 litre of HjO at 70°C and was 
subjected to a slow hydrolysis process for about 6 to 8 hours. During 
the hydrolysis process, a slow precipitation takes place and at the end of 
reaction almost all iron was precipitated. The precipitate was filtered 
washed extensively with water and then dried at 60°C in an oven. 

Fig.l shows the X-ray diffraction pattern obtained according to 
the present invention. The X-ray diffraction of |8-FeOOH of the present 
invention could be indexed either as a tetragonal structure a unit cell 
parameters of a= 10.5420.2A, c=3.03±0.2A , or as a monoclinic phase 
with a=10.60t0.2A, b=3.Q3£0.2A , c=10.5iLlO.2A, 0=9O.22°±2°. In 
this case, this structure can be described as a tunnel type structure 
(Fig. 2) similar to that reported in aMn0 2 . It comprises large channels 
of type <2x2) where lithium can be accommodated during the 
intercalation process. Because of the difficulty of the washing process, 
some small amount of chlorine atoms or water molecules may 
remains located inside these tunnels. 

Fig 3 shows the charge and discharge of the two first cycle of the 
material of the present invention. The test was conducted in glass cell 
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type using LiClQ, +( 2EC-h2DMC+DEC) as electrolyte at a current 
density of 0.05mA/cm 2 . The cell comprises a positive electrode ( 87% 
of the active material of the present invention, 5% carbon black, 8% 
PVDF), a lithium counter and a lithium reference. First the cell was 
discharged to intercalate lithium in the tunnel of the material of the 
present invention and then charged to extract than. At the first 
discharge, The cell shows a plateau at around 2V with homogeneous 
one phase reaction and capacity of over 250mAh/g. During the second 
discharge, the potential of the cell increases slightly between 2.5 and 
2 V. This material exhibit two more plateau at 1.5V and 0.7 V as shown 
in the cyclic voltammogram curve (Fig. 4). 

Furthermore, it was found that the subtitution of Fe with other metal 
transition such as Ni, Co, AJ, B tends to improve the cyclic 
reversibility of the material of the present invention. 

3-4 Merits of the invention 

The invention relates to a new iron based positive active material 
with high voltage and large capacity of over 300mAh/g which could be 
used in a lithium ion battery system. The fact that this material is based 
on cheap and non toxic iron make it very attractive for application in 
cheap and high effective batteries for both small scale (electric 
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appliances) and large scale (EV) batteries. Furthermore, the preparation 
of this material is very easy and cheap since it involve the use of only 
water in the hydrolysis process of iron chloride or other iron based 
materials, 

4- Brief Description of Drawing 

Fig. 1 shows the X-ray diffraction pattern of the material of the present 
invention 

Fig. 2 shows the representation of the tunnel structure of the material of 
the present invention 

Fig. 3 shows the charge and discharge curves of the first two cycles of a 
cell made of lithium counter, lithium reference and a positive electrode 
made of the active material of the present invention 

Fig. 4 shows the cyclic volatommogram of the material of the present 
invention. (Scan rate was 3mV/min) 
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1 -Abstract 

The invention describes a positive active material pFej 
Me x OOHCl z (Me: Ni. Co, Zn, Cu, Al, Mg, Ca, B ....) and ( O^x^ 1, 
0.2) having tunnel structure comprising large (2x2) channels which 
could be used in the lithium secondary batteries 



2-Representative Drawing 
Fig. 3 



